Study Objectives: The aim of Experiment 1 was to determine if moderate ethanol consumption at bedtime would result in memory loss for recently learned cognitive procedural and declarative tasks. The aim of Experiment 2 was to establish that the memory loss due to alcohol consumption at bedtime was due to the effect of alcohol on sleep states. Design: In Experiment 1, participants were asked to learn a cognitive procedural task and a declarative task in the evening. Then, either the same evening or 2 nights later, they were asked to drink ethanol (0.7g/kg). Sleep was monitored for 3 days and re-testing of the tasks was done on the eighth day after training at the same time of day. In Experiment 2, subjects were asked to learn a cognitive procedural task (Tower of Hanoi) and a motor procedural task (Pursuit Rotor) in the late afternoon. Then one group was asked to drink ethanol (0.9 g/kg) right after task acquisition (5 hours before bed), while the other was asked to drink the same dose of ethanol just prior to bedtime. Re-testing was done 8 days later at the same time of day. Participants: Subjects in Experiment 1 were 15 college students between the ages of 19 and 24 that appeared to be in good health and were relatively naïve in terms of drinking alcohol. Subjects in Experiment 2 were 13 college students in the same age range. These subjects were considered to be more experienced drinkers than subjects in Experiment 1 but were not judged to be heavy drinkers.
INTRODUCTION

THERE IS NOW SUBSTANTIAL EVIDENCE FROM BOTH ANI-MAL AND HUMAN STUDIES OF A CLOSE RELATIONSHIP BETWEEN SLEEP AND MEMORY PROCESSES.
Most recent studies in humans indicate that REM sleep is necessary for the efficient learning of cognitive procedural and/or implicit material, 1, 5, 6 while uninterrupted Stage 2 sleep is necessary for the efficient learning of motor procedural or skills tasks. 7, 8 On the other hand, postacquisition sleep does not appear necessary for the long-term memory of declarative or explicit material. 1, 4, 5 Ethanol is often used to initiate sleep onset. 9 However, it has been known for some time that ingestion of ethanol in sufficient quantities at bedtime results in reduced rapid eye movement (REM) sleep, particularly in the first half of the night. [9] [10] [11] [12] [13] [14] The present experiments were done to examine the possible detrimental effect on memory of ethanolinduced REM-sleep suppression. In terms of learning, it has been reported that physical REM sleep deprivation (REMD) of the first two REM periods of the night was sufficient to impair memory for a cognitive procedural logic task but did not interfere with memory for a declarative paired associate task. 5 It has also been found that total sleep deprivation (TSD) was able to impair memory for a logic task when applied the same day as acquisition or 48 to 72 hours (2 days) after the acquisition day. 5 In terms of behavior, it was hypothesized that ethanol ingestion just at bedtime would impair memory for a recently learned cognitive procedural logic task but would not interfere with the memory for a recently acquired paired-associate task. Further, it was hypothesized that ethanol ingestion 48 hr (2 days and at bedtime) after the end of the training day would also impair memory for the logic task. In terms of sleep parameters, it was predicted that the amount of REM sleep and number of actual REMs would be reduced, especially in the first half of the night. 9, 11, 12 EXPERIMENT 1
METHODS
Subjects
Thirteen female and 2 male college students, aged 19 to 24 were chosen for the study after being screened using the Trent University Sleep Questionnaire. This is an extensive questionnaire examining the stated sleep habits, medical histories, and substance use of possible sleep subjects. Included in this questionnaire is a detailed assessment of the amount of alcohol use. Individuals with unusual sleep habits, medical problems, or extreme usage of caffeine or tobacco were excluded. As well, students claiming to drink more than 3 drinks of alcohol more than 2 times a week, or who stated that they drank more than 4 drinks at a single session, were also excluded. Thus, only healthy normal individuals who fit the above criteria were included. All were informed that they would be asked to drink some alcohol and all agreed.
The Learning Tasks
The Wff'n'Proof Logic Task required the participants to solve novel problems using sets of letters that could only be combined in very specific ways, according to defined rules. 15 The result was the ability to make sets of "Wffs" from certain capital and small letter sets. Participants required about 50 minutes to learn how to do this task. The pretest consisted of new sets of these letters. Subjects were required to generate as many Wffs as possible from 7 novel sets of 18 letters within the restricted timeframe of 30 seconds per problem set. Subjects were retested 8 days later and were again asked to generate as many Wffs as possible from 7 new novel sets of 18 letters within the same time-frame.
The paired associate task consisted of a list of 15 pairs of adjectives presented with a 35-mm projector. Subjects were trained by the study trial method. On five study trials, each of the word pairs on the paired associate list, including both stimulus and response words, was presented sequentially. During the subsequent test portion of each study trial, only the stimulus (first) word of each of the 15 pairs was presented. Subjects were asked to write down the response (second) word on a sheet of paper from memory. The order of presentation of word pairs was varied with each study trial to avoid serial learning. Word pair or single stimuli were presented for 2 seconds, followed 1 second later by the next stimulus. There was a 15-second rest interval between each of the 5 study trials. The formal pretest score consisted of the responses from the fifth and last test trials. A single posttreatment test trial was run 8 days later at the same time of day. Although true counterbalancing was not possible, task presentation was varied from subject to subject to minimize any order effect of tasks as much as possible.
Groups
Individuals were placed in one of three groups (n=5/group). Subjects in the "alcohol, Night 1" group (ALN1) were trained on Night 1 and then drank alcohol (vodka and orange juice) on Night 1. They drank nothing on Night 2 and orange juice on Night 3. Subjects in the "alcohol, Night 3" group (ALN3) were also trained on Night 1 but drank orange juice on this night. They drank nothing on Night 2 and on Night 3, drank vodka and orange juice. The Control group subjects were trained on Night 1 and drank orange juice on both Night 1 and Night 3. As with the other two groups, they drank nothing on Night 2.
Procedure
On the evening following an acclimatization night in the sleep laboratory, participants were all asked to learn the logic task and the paired associate task. Students in the two test groups (ALN1 and ALN3) were given 3 to 4 oz. of vodka (ethanol dosage of 0.7g/kg body weight) in 200 ml of orange juice per 1 oz. drink. This dose was chosen because it seemed to fit the weekly habits of students claiming to drink 3 drinks or less no more than twice a week. As well, the dosage and the drinking behavior were judged to be similar to that of an earlier study using college students. 10 The drinks were consumed over a period of about 1 hour immediately following the acquisition of the two tasks. Subjects in the control conditions drank approximately 750 ml of orange juice over the same time period.
Sleep Recording and Scoring
The sleep of all subjects was recorded for 4 consecutive sleep nights. The first night was an acclimatization night, and the data were not used. The second sleep night was called Night 1, the following night was Night 2, and the last night was called Night 3. After acquisition of the tasks and consumption of either the alcohol drink or orange juice alone, sleep recording electrodes were applied, and the subject went to bed. All sleep recording data were collected using a Beckman R-411 polygraph with paper trace. The high frequency filters were set at 30 Hz and low frequency filters at 0.3 Hz for all channels. One electroencephalogram (C3/A2), two electrooculogram (EOG) (ROC/A1, LOC/A2) and one electromyogram (submental) electrode pair were used. Subjects went to bed at their normal bedtime (11 PM -1AM) and were told they could sleep as long as they wished. The sleep records were scored in 30-second epochs according to standard procedures 16 by two scorers; interrater reliability was greater than 95%. REMs were counted manually. The time constant of the EOG channels was set at TC = .03 in order to differentiate separate eye movements. A deflection and return of at least ±25 uV in at least one eye was considered to count as a REM. REM density was calculated by dividing the total number of REMs in a REM period by the total number of minutes of REM sleep in the period. (The REM period is defined as the duration of successive REM sleep epochs not interrupted by more than 25 minutes of non-REM or waking activity).
On the days between training and retesting, when they were not recorded in the sleep laboratory, subjects were asked to fill out a sleep diary that included estimated time of going to sleep and getting up each day, as well as any napping or abnormal sleep. Because of the small sample size, all data were examined for homogeneity of variance using the Bartlett chi-square test for homogeneity of variance.
RESULTS
Behavior
Combined between and within 3 x 2 mixed model ANOVAs were performed on pre-and postalcohol scores. For the Wff task, both the Task Session (pre vs. post) [F(2,12) = 9.77, p<.01] and the Groups x Tasks Session interaction [F(2,12) = 5.27, p<.05] were significant, while the Group factor alone was not. Newman-Keuls post-hoc tests revealed no difference between the 3 groups on their pretreatment scores, but the posttreatment scores of both alcohol groups (ALN1 and ALN3) were significantly lower than that of the Control group (p < .05 for each). The Wff scores can be seen in Figure 1 . Thus, while the Control group showed no significant change from pretreatment to posttreatment tests, the alcohol groups (ALN1 and ALN3) showed significant decreases in performance compared to the Controls.
For the paired associate task, although there was a significant drop in pre to post (% correct performance) for the combined groups [F(2,12) = 102.25, p < .001], there was no differential alcohol treatment effect. All groups showed equivalent deficits in performance. Paired associate scores can be seen in Figure 2 .
Both the Wff task and paired associate data showed homogeneity of variance (probability of heterogeneity of variance >.20 in both cases).
Sleep Data
The sleep parameter values for the 3 test nights of recording were collapsed such that the sleep data on 2 nonalcohol nights were combined and compared with the night of alcohol ingestion. Thus for the ALN1 group, a mean for the sleep values on non-drug Nights 2 and 3 were averaged and compared with the sleep values on Night 1 (alcohol ingestion night). Similarly, for the ALN3 group, the mean of the sleep measures for non-drug Nights 1 and 2 were compared with the value on alcohol ingestion Night 3. For the Control group, 3 of the 5 subjects had the mean of days 2 and 3 compared with the value on day 1, as in the ALN1 group. The other two subjects had the mean of the sleep values on days 1 and 2 compared with the value on day 3, as in the ALN3 group. These 3 groups were compared in combined between -within 3 x 2 mixed model ANOVAs. The most salient result was the significantly smaller number of REMs on the night of alcohol ingestion (repeated measures factor, F(1,12) = 9.96, p = .009), an effect clearly due to the alcohol ingestion. Post-hoc Neuman-Keuls tests revealed that the number of REMs in the ALN1 group on Night 1 and in the ALN3 group on Night 3 were each lower than their respective control nights. [ALN1: Night 1 vs. Nights 2 and 3, p=.032; ALN3: Night 3 vs. Nights 1 and 2, p=.030]. Furthermore, between-group comparisons showed that the number of REMs for the ALN1 group on alcohol night (Night 1) was significantly lower than that of the control group (p = .002). The Controls showed no pre to post differences.
An analysis of number of minutes of REM sleep and REM densities for the whole night did not reveal any significant differences, although the values appeared to be in the same direction as the number of REMs measure. The total number of REMs in the first half of the night (which included the first 2 REM periods) showed significant differences [F(2,12) = 6.66, p = .011]. Post-hoc Newman-Keuls tests showed the ALN1 (p = .0004) and the ALN3 (p = .004) groups to have fewer REMs than Controls during this time period. This result suggested that there was a stronger drug effect in the first half of the night than in the second half. No REMs differences were found in an ANOVA of the number of REMs for the second half of the night. An ANOVA of minutes of REM in the first half of the night also revealed a statistical difference [F(2,12) = 5.66, p = .018]. Post-hoc tests again showed both ALN1 (p = .016) and ALN3 (p = .050) groups with less REM time in the first half of the night compared to Controls. An ANOVA of minutes of REM in the second half of the night showed no differences between groups. There were no timeof-night effects for the REM densities. The groups did not differ on latency to sleep onset. Neither did they differ on the amount of time spent awake after sleep onset. There were no differences between any of the groups on the number of minutes of Stage 1, 2, 3/4, total sleep, or % REM sleep. (Stages 3 and 4 were combined to provide a single measure of deep slow wave or non-REM sleep). None of the sleep measures showed heterogeneity of variance (p >.20 in all cases). Table 1 shows all of the sleep parameter values.
EXPERIMENT 2
The results of Experiment 1 clearly indicated that moderate alcohol ingestion at bedtime resulted in marked memory loss for the logic task but not the declarative task. These results were completely consistent with the "mechanically" induced REM sleep deprivation results of earlier studies. 1, 4, 5 However, an important question remained unanswered. Was the memory loss observed due to the direct effect of alcohol on memory mechanisms or was it due to the fact that the quality of REM sleep of the individuals was disturbed by the alcohol? A second study was designed to answer this important question. It was decided to use a more conventional task, the Tower of Hanoi, for the procedural task. It has been found that memory for this task is vulnerable to REM sleep interruption 1 and this is equally true of the logic task. 5 While the tasks appear superficially to be different, both were judged to be of the cognitive procedural type. Both require the development of new cognitive strategies in order to solve them. The discovery of these strategies usually takes place unconsciously. 4 The time spent learning these two tasks was known to be very similar, being about 50 to 60 minutes. 1, 5 The Tower of Hanoi is a task much more familiar to other researchers and thus easier to replicate than the Wff task. As well, it was decided to include the Pursuit Rotor task, which is known to be sensitive to Stage 2 sleep loss. 1, 7 Finally, it was decided to increase the dosage of alcohol to coincide with what we considered from a number of questionnaires to be the more realistic drinking behavior of many students.
METHOD Subjects
The participants were college students (11 females, 2 males) screened as in Experiment 1. The only difference was in the level of experience with alcohol. The subjects in this study stated that they drank at least 3 drinks at least 2 to 3 times per week. Thus they were more experienced drinkers than in Experiment 1 according to an examination of over 50 questionnaires. A dose of 0.9g of alcohol per kg of body weight was delivered in 4 to 5 drinks mixed with orange juice in a volume of 200 mL per drink.
The Learning Tasks
The Tower of Hanoi task is a cognitive procedural task that consists of three wooden dowels (left, middle, and right) vertically mounted in a base such as to stand side-by-side. The left dowel has 5 rings of different colors and sizes arranged according to size, with the largest ring on the bottom and the smallest on the top. The aim is to get the rings from the left dowel to the right dowel, moving them one at a time, such that they retain their largest to smallest arrangement. A move consists of lifting a top ring and placing it on a different dowel. Smaller rings can always be placed on larger ones, but a larger ring can never be placed on a smaller ring. The correct solution requires a particular patterning of moves that are normally learned through trial and error. Subjects were required to perform 5 complete trials on this task, which took about 1 hour to learn. The same procedure was required for the re-test of the subjects, 8 days later, at the same time of day. The dependent measure was the number of moves required to complete the task.
The pursuit rotor task requires the subjects to keep a light-sensitive stylus in contact with a rotating spot of light under a clear glass surface. The spot of light rotates in a circular pattern at a constant 30 revolutions per minute. Subjects were also required to use their non-preferred hand. The training session consisted of 3 trials. Each trial lasted for 3 minutes and was followed by a 1-minute rest to avoid fatigue. The amount of time during the trials when the subject was able to keep the stylus directly over the moving light was automatically recorded, as the light-sensitive stylus activated a switch to record the time in seconds. The same procedure was followed during re-testing 8 days later. The combined means for the three, 3-minute trials, was the dependent measure.
Because of the small sample size, the data were tested for homogeneity of variance using the Bartlett chi square test as in Experiment 1.
Procedures and Groups
The participants were all trained on the Tower of Hanoi and the pursuit rotor tasks between 4 and 5 PM in the afternoon. The tasks were presented such that approximately half the subjects in both groups experienced the Tower of Hanoi task first while the other half experienced the pursuit rotor task first. One group of subjects (6 females and 1 male) were then asked, immediately following task acquisition, to drink the required amount of vodka and orange juice over a period of approximately 1 hour. This group was named the Afternoon Alcohol (AFTEtOH) group. The time between the last drink and "lights out" for this group was approximately 5 hours. The other group (5 females and 1 male) was asked to come back to the laboratory 2 hours before bedtime. Upon their return, they were asked to drink the same dosage of vodka and orange juice as the AFT-EtOH group. The time between the last drink and lights out for this group was about 45 minutes. This group was named the Evening Alcohol (EVE-EtOH) group. All subjects were then connected to the polygraph for the night of sleep. As in Experiment 1, all had stayed over the night before, for a night of sleep lab acclimatization. Thus all subjects experienced an acclimatization night followed by an experimental night of recording in the sleep lab.
RESULTS
Behavioral Effects of Alcohol Ingestion
Combined between and within group 2 x 2 mixed model ANOVAs were performed on pre and post scores for the two groups. The analysis of the Tower of Hanoi performance was done using the mean of the scores (number of moves to solution) on the last 2 of the 5 training trials and the mean of the scores for the first 2 of the 5 re-test trials. The last 2 training trials (pre) were chosen to ensure that the training scores reflected the final level of learning of the subjects and to avoid the large amount of variability observed during the first 3 trials. The first 2 re-test trials (post) were used as an assessment of memory for the task while minimizing the problem of further learning taking place during the last 3 trials. The ANOVA revealed a significant pre to post combined groups trials effect indicating that there were increases in correct performance that occurred in the week after training [F(1,11) = 8.53, p = .02]. However, a post-hoc Newman-Keuls analysis showed that while the two groups did not differ on their prealcohol scores, the AFT-EtOH group did show a significant improvement (reduction in number of moves to solution) from pre to post training (p=.03). On the other hand, the EVEEtOH group did not show any significant pre to post alcohol improvement during the intervening week. Thus, the AFT-EtOH group showed improvement without rehearsal while the EVE-EtOH group did not. (Table 2) . For the pursuit rotor task, the means of the 3 training trials were compared with the means of the 3 retest trials (Figure 3 ) There was a significant pre to post trials effect, indicating that the combined groups had improved on the task to some degree [F(1,11) = 13.80, p=.005]. However, post-hoc Newman-Keuls analyses showed that while the AFT-EtOH group did improve significantly (p=.03) between training and retesting, the EVE-EtOH group did not. The groups x pre and post trials interaction effect was also significant [F(1,11) = 6.43, p=.03] (Figure 3 ). There were no significant differences between the groups prior to the treatment. The test for homogeneity of variance (p >.20 in both tasks) showed the behavioral data for the groups on both tasks to be homogeneous.
Sleep State Changes as a Result of Alcohol Ingestion
As in Experiment 1, analyses were done on latency to sleep onset Stage 1, time awake after sleep onset, number of minutes of Stages 1, 2, 3/4, REM, total sleep and % REM sleep. As mentioned previously, Stages 3 and 4 were combined to provide a single value for deep slow wave or non-REM sleep. There was no difference between groups on There was also an overall increase in REM density as the night progressed for both groups [F(3,33) = 6.56, p = .001].
As in Experiment 1, it was predicted that the first half of the night (REM periods 1 and 2) would be more affected by the alcohol than the REM periods in the second half of the night. An ANOVA of REM periods 1 and 2 alone revealed a significant effect [F(1,11) = 7.03, p = .02]. A similar analysis for REM periods 3 and 4 did not show any group differences. Post-hoc analyses revealed that the REM densities in the first half of the night were lower in the EVE-EtOH than in the AFT-EtOH group. Similar analyses of the first half and second half of the night for the number of REMs and for time spent in REM sleep did not show any significant differences. However, the number of REMs in the first half of the night for the EVE-EtOH group was less than half that of the AFTEtOH group. There was no difference between groups in the proportion of subjects that awakened after sleep onset (0.42 vs. 0.50) or in the amount of time spent awake after sleep onset (2.29 min for EVE-EtOH vs. 1.67 min for AFT-EtOH). All of the sleep values can be seen in Table  3 .
There was no heterogeneity of variance for any of the sleep variables (p > .20).
DISCUSSION
From Experiment 1, it is clear that retention of learning of the cognitive procedural task (Wff Task) was impaired when ethanol was taken just before bedtime on the day of training or 2 days after training. This result is consistent with performance on this task observed following either TSD or selective REMD. 5 On the other hand, while all groups showed memory loss for the declarative task, performance was not differentially affected by the ethanol. Again, this result is completely consistent with earlier work, where TSD or selective REMD conditions both failed to induce any memory loss for this task. 5 From Experiment 2, it was observed that individuals who drank alcohol just prior to sleep onset (EVE-EtOH) showed no improvement on either the cognitive procedural (Tower of Hanoi) or a motor procedural (pursuit rotor) task. Again, very similar results have been observed when TSD or selective REMD conditions were imposed after acquisition of the Tower of Hanoi. 1 The lack of improvement on the pursuit rotor task has previously been observed following reduction or interruption of Stage 2 sleep. 7 The group that ingested ethanol in the late afternoon (AFT-EtOH) did show improvement on both the cognitive and motor tasks as have normally rested groups in previous work. 1, 7 The combined results of these two studies (Experiments 1 & 2) strongly support the idea that the memory impairments observed are a result of disturbed sleep induced by ethanol ingestion rather than any direct alcohol effect on memory mechanisms.
The Effects of Alcohol on Sleep
The obvious main sleep effect of the alcohol ingested at bedtime was to interfere with normal REM sleep. In Experiment 1, the number of minutes of REM sleep as well as number of REMs was significantly reduced in the first half of the night compared to Controls. However, there was no significant change in REM density during this same time period. While the ALN3 and the Control group had very similar values on such measures as number of REMs and REM density, the ALN1 group tended to have somewhat smaller values at baseline, although they were not significantly different from the other two groups (Table 3) . Theoretically, it could be argued that the significant between-group results were due to this factor, rather than the alcohol. However, this does not explain the significant REMs changes observed in the ALN3 group, whose baseline values were very similar to those of the Controls. Further, the changes in these measures as a result of alcohol ingestion (although not reaching significance) were substantial. For the number of REMs (first half) there was a 256% drop for the ALN1 group and an 84% drop for the ALN3 group. Controls showed a pre to post change of 33% in the opposite direction. Similarly, the number of minutes of REM dropped 94% for the ALN1 group and 73% for the ALN3 group after alcohol ingestion. The Controls showed a 30% change in the opposite direction. Thus, coupled with the significant between and within results of the number of REMs measure for the whole night, it is most likely that a significant suppression of REM sleep was observed in both test groups in the first half of the night due to alcohol intake.
In Experiment 2, the most salient effect was the reduction in REMs density in the first half of the night. There was no significant drop in number of minutes of REM sleep in this group, although there did appear to be a substantial (but not significant) drop in the number of REMs. Thus, although the alcohol obviously interfered with REM sleep, especially in the first half of the night of sleep in both experiments, there were variations in how these differences manifest. In Experiment 1, despite the lower doses, both number of REMs and time spent in REM sleep were reduced in the subjects. In Experiment 2, with higher doses of alcohol, the REMs densities were reduced, particularly in the first half of the night. The difference between the groups appears largely to be the amount of time actually spent in REM sleep. While the subjects in Experiment 1 had their REM time reduced by the alcohol, those in Experiment 2 did not. Results are generally consistent with the previous literature on effect of alcohol on sleep states. Groups in both experiments showed a substantial change in REM sleep in the first half of the night, with a lesser effect during the last half of the night, as originally predicted. This change was manifest both as a reduction in time spent in REM sleep and/or a reduction in number of REMs. [9] [10] [11] [12] [13] [14] One possible explanation for the differences in REM sleep effects between Experiments 1 and 2 was the level of experience with alcohol. The subjects in Experiment 1 did not claim to drink as much, or as often, as those in Experiment 2. It may be that the more frequent drinkers were able to get more REM than the beginners despite the higher dose of alcohol because of more adaptation to the drug. It is well known that ingestion of a new drug at bedtime is liable to reduce the amount of time in REM sleep. However, as nights continue and the drug ingestion is con- tinued, the sleep patterns return to more normal levels. 12, 13 One study, examining the effects of various concentrations of alcohol as well as repeated versus single doses, has reported results very similar to those seen in the present study. Results showed that college students given a single dose of alcohol showed a significant reduction in % REM sleep in the first half of the night but not the second half. On the other hand, the REM densities for these subjects, although somewhat reduced, did not reach statistical significance. In a second experiment, with different subjects, where alcohol was given on 3 successive nights, the reduction in the % REM sleep measure disappeared after the first night. However, the REM densities were found to be significant. The authors concluded that longer-range compensation and adaptation effects associated with repeated doses of alcohol, not directly related to the presence of alcohol in the brain, had been observed. 11 These findings are remarkably similar to those of the present study and suggest that frequency of drinking, in particular, might well result in a smaller than expected drop in the amount of REM sleep. Thus, for the more experienced drinkers of Experiment 2, the body response to alcohol in terms of reduced time spent in REM sleep would not be expected to be as large.
Although there was no blood alcohol concentration measured, it is estimated from other studies of females (corresponding to our more experienced drinkers) 10, 17 that over half of the alcohol would have been metabolized after 5 hours in the AFT-ETOH group by bedtime in Experiment 2. Alcohol metabolism in the male subject would have been even faster.
The Cognitive Procedural Tasks
The Wff logic task and the Tower of Hanoi task are both considered to be cognitive procedural tasks. These tasks require the development of new cognitive strategies in order to solve the problem presented. The discovery of these strategies takes place unconsciously. Thus, they may not consciously "comprehend" or be able to verbalize these rules, much as children discover and use the rules of grammar without consciously comprehending them. Unless the subject is able to learn and remember this new material, the tasks cannot be learned. 4 From previous work, it has already been shown that the learning and memory for these two tasks is most efficient if REM sleep is not interrupted. REMD after acquisition of both of these tasks has been shown to result in marked memory impairment. 1, 5 The memory loss in both tasks would appear to be due to the alteration of normal REM sleep, particularly in the first half of the night. It has been previously observed that either TSD for 4 hours (from midnight until 4AM) or selective REMD for the first two REM periods of the night resulted in impaired memory for the ability to solve Wff logic task problems. 5 Further, this impairment was as severe as that observed in groups deprived of an entire night of sleep (TSD) or selectively deprived of REM sleep for the entire night. Thus, the present results are quite consistent with those previously observed. 1, 5 Of special interest, in Experiment 1, was the memory loss induced by alcohol ingestion 2 days after the end of training. This result indicates that memory processing or consolidation is still (or once again) vulnerable to sleep loss 48 hours after the end of initial acquisition. Interestingly, a similar result has already been observed in humans. Subjects deprived of total sleep 48 hours after acquisition of the Wff logic task were also impaired on memory for the task when re-tested 1 week later. 5 On the other hand, TSD 1 day (24 hours) after acquisition had no detrimental effect on memory for the task whatsoever. 5 Similar results have been observed in rats following acquisition of a 2-way shuttle avoidance task. In a first experiment it was observed that 24 hours of REMD impaired memory for the task when applied 48 to 72 hours after the end of training. 18 In a second, follow-up experiment, a smaller REMD period extending from 53 to 56 hours after the last training trial was observed to induce a 50% memory loss for the task. 19 REMD applied before or after this time period was ineffective in impairing memory for the shuttle task. Taken together, these results suggest that REM sleep plays an important role in the efficient learning of certain types of material and that it is important not only during the first night of sleep following task acquisition, but 48 hours after the end of acquisition as well. While it would be unlikely that the 2-way shuttle avoidance task in rats is exclusively a cognitive procedural task, it is very possible that there is a cognitive procedural component. For the human studies, the tasks that were impaired were chosen because they were cognitive procedural in nature. Thus, the kinds of material vulnerable to immediate or delayed REM sleep loss or REM sleep alteration would appear to include those of the cognitive procedural type.
Does the Number/Density of REMs Reflect a Sleep Related Memory Mechanism?
It is clear from neurophysiologic studies (mostly in the cat) that many brainstem cell systems are coordinated to produce REM sleep. One of the phenomena of REM sleep is the ponto-geniculo-occipital (PGO) wave that is the result of the firing of neurons in the midbrain, thalamus, and visual cortex. As well, there are the familiar REMs, which are closely related to the frequency and intensity of the PGO waves. [20] [21] [22] Although the REM sleep-memory mechanism is obviously not yet understood, one animal learning study reported an increase in the number of actual REMs, as well as number of minutes of REM sleep in rats, following avoidance task acquisition. 23 A much more recent study, directly measuring the P wave (PGO equivalent in the rat) showed that there was a marked increase in P wave activity as well as increased time in REM sleep in the first hours after acquisition of an avoidance task. 24 In humans, the number and density of REMs was observed to increase after intensive studying for college exams compared to the subjects' own baseline levels of REMs in the summer months and compared to nonlearning control subjects. 25 Very recently, we have further observed that acquisition of two cognitive procedural tasks in the evening before bed significantly increased the number and density of REMs compared to their own baseline and to control subject values. 26 Other human studies have also reported increases in number of REMs or REMs densities following successful task acquisition. 4 Thus, the present results are consistent with memory loss being associated with reduced REMs densities and/or number of REMs.
The Declarative Task
Ingestion of alcohol at bedtime in Experiment 1 had no effect on memory for the declarative paired associate task. There are a number of sleep deprivation studies showing this same lack of effect. Both TSD and partial REMD appeared to have little effect on memory for a paired associate task, 5 tion task 1 or memory for recently memorized neuroanatomic structures. 27 The results provide further support for the idea that declarative memory is not sensitive to sleep loss over the long term. Thus, hippocampus-related learning in humans may not require the involvement of sleep states, and this idea has been examined in a recent review. 4 
The Motor Skills Task
The EVE-EtOH group showed very little improvement on the pursuit rotor task when re-tested 1 week later compared to the AFT-EtOH group. It has been reported that Stage 2 sleep reduction or interruption results in memory loss for this task. 7 In Experiment 2 of the present study, the number of minutes of Stage 2 sleep was not less for the EVE-EtOH than for the AFT-EtOH group. Neither was there a difference between the groups in terms of either episodes of awakening or time spent awake after sleep onset. Thus, the variables considered important-amount of Stage 2 and continuity of Stage 2 sleep 7 -were not evident in this study. One conclusion is to assume that the REM sleep impairments caused by alcohol induced this effect. However, as mentioned, the results are at odds with our other data concerning this task. 7, 8 While alcohol ingestion at bedtime clearly impaired memory for a motor procedural task, it was not associated to the more obvious changes in Stage 2 sleep. It is possible that some more subtle effect of the alcohol on Stage 2 sleep caused the effect. Only further research with a more sophisticated recording system will answer this question.
CONCLUSIONS
The impaired memory for both cognitive procedural and motor procedural tasks was induced by alcohol ingestion just prior to sleep onset. Ingestion of alcohol earlier in the day, allowing at least the partial metabolizing of the drug by bedtime, resulted in much better memory for the two tasks. The results strongly suggest that it is the effect of ethanol on sleep, rather than the direct effect of alcohol on neural memory mechanisms, that has produced the memory deficits. From Experiment 1, we know that this effect is present 48 hours after the end of acquisition as well as the day of acquisition, indicating a rather prolonged and vulnerable memory-processing mechanism dependent on REM sleep.
It is evident that ethanol just prior to sleep onset does not interfere with the long-term memory for declarative/explicit material. This result is consistent with previous findings showing that REMD or TSD did not interfere with the memory for declarative learning tasks but did interfere with cognitive procedural or nondeclarative tasks. 1, 5, 27 While alcohol ingestion at bedtime clearly impaired memory for a Stage 2 dependent motor procedural task, 7, 8 there was no reduction in the amount of Stage 2 sleep, nor was it interrupted during the night. Further research will be required to understand this result in relation to sleep states.
